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INTR ODUC TI O N
INTRODUCTION
OBJECT:- The object of this thesis is to compare costs of the hydroelectric
plants No. 3 and No. 4 of the New England Power Company, located on the Deerfield
River near Shelburne Falls, in order to ascertain the annual cost per kilowatt hour
output at the switchboard.
METHOD:- The method of procedure was to determine the quantities of mater-
ials used in constructing the plant from blueprints (photostat copies of which
are included in Appendix & . The cost figures applied to these quantities were
secured from Professor Barrows. The cost of the hydraulic and electrical equip-
ment was obtained by applying a cost of five dollars per horse power for the hy-
draulic equipment and eighteen dollars fifty cents per kilowatt forrthe electrical
equipment while the cost of the superstructure was found by applying a cost of
fifteen cents per cubic foot (inside dimensions).
The annual charges were figured at the switchboard for each plant
by applying definite percentages of the total cost.
The output in kilowatt hours for each plant was figured as ex-
plained in Appendix 6).
'REP OR T
DESCRIPTION OF PIMTT NO. 3
This station is located in the village of Shelburne Falls,
LOCATION
on the Deerfield River, about three miles above Station No. 2.
The dam is concrete, of ogee spillway section, built on
rock throughout, fifteen feet in maximum height and four hundred seven-
ty-five feet long. One submerged and one surface sluice are provided on
the west end of the dam. These are controlled by double-stem timber
gates, operated by a single motor-driven hoist of fifty thousand poundst DAM
capacity. The dam diverts water into a reinforced concrete conduit
twelve feet six inches high, seventeen feet wide, and six hundred
seventy-seven feet long, running underneath buildings of the Lamson &
Goodnow Manufacturing Company. The conduit intake is controlled by
four double-stem timber gates operated by four motor-driven hoists of
fifty thousand pounds' capacity and the conduit discharges into a canal
thirty-six feet wide at the bottom, twenty-three feet maximum depth and
six hundred sixty-five feet long. The head at this plant varies from
sixty to seventy feet and is normally sixty-four feet,
The powerhoutse is located on the -west bank of the river below
the end of the canal, with one-half the building two stories and the
other half one story in height. The building is
of brick-around a steel frame on a concrete substruction.
The floors and roof are reinforced concrete, and the inside
dimensions are 31' x 971 and 531 high in the two-story sec-
tion.
POWERHOUSE
On the lower end of the canal, three steel ptm-
stocks ten feet in diameter and one hundred fifty-nine feet
long connect the waterwheel casings which are thirteen feet
in diameter and are located outside the powerhouse. Each
pdnstock is controlled by two double stem timber headgates, PE9STOCKS
one operated by a hoist of fifty thousand pounds' capacity,
and the other by one of ten thousand pounds' capacity. Three
3,200 H. P., W. S. Morgan, horizontal, forty-four-inch, double
runners, two hundred fifty-seven revolutions per minute, cen-
tral-discharge turbines are installed at the station. Each
unit is controlled by a Lombard Special, horizontal, direct-
connected governor of seventeen thousand foot pounds' capacity
The complete electrical equipment was supplied
by the General Electric Company and consists of: ELECTRICAL
EQZUIPMNIT
3 2000 K. V. A., 2300 V., 3.phase, 60 cycles, 257 r. p. m.
horizontal, waterwheel-driven generators.
2 3000 K. V. A., 66000 to 2300 V., 3 phase, 60 cycles,
star delta, connected transformers
2 100 K. V. A., 125 V., induction motor-driven exciters
1 switchboard and equipment.
The switchboard is located on the generator-room
floor and consists of eleven vertical slate panels with auxiliary
slate panels in the rear for the testing switches and record-
ing meters. All oil switches are electrically operated from
the switchboard by means of a fifty-five cell, fifteen ampere,
U. S. lighting and heating storage battery.
The 2300-Volt oil switches are located in one end
of the building on the generator-room floor, in a brick cell
structure with duplicate copper busses and selector disconnect-
ing switches mounted overhead and protected by asbestos barriers.
All the 2300-Volt wiring for the machines and the control cable
from the switchboard is run in conduit embedded in the concrete
floor. The high tension oil switches, busses, and transformers
are located on the seeond floor. There are 2K-10, 66,000-Volt
oil switches installed to provide control- for the two high ten-
sion transmission lines leaving the station. Two aluminum cell,
66,000 Volt#, three tank lightning arrestors with horn gaps are
installed on the roof and provide protection for the lines and
transformers. A 2300-Volt, 3-phase, 600 K. W. local feeder is
provided in this station to provide two factories in the town of
Shelburne Falls.
The auxiliary equipment in this station includes
a complete oil treating and storage system, a thirty-ton cyclone
high speed hoist with a forty-seven-foot lift, for lowering the
transformers from the second floor, and a fifteen-ton Northern En-
gine hand-operated crane.
DESCRIPTION OF PLANT NO. 4
This station is located about a mile and a
quarter north of Shelburne Falls, at a point where the river makes LOCATION
a complete horseshoe bend around a hill.
The dam consists of a concrete ogee spillway sec-
tion built on rock, two hundred forty feet long between the abut-
ments and forty-four feet in maximum section. A 6' x 8' submerged
sluice controlled by a Chapman cast iron sluice gate is built in
the left end of the dam. The right-hand abutment of the dam has
three surface sluice openings ten feet wide, controlled by double
stem timber headgates and motor-operated gate hoists of fifty thous-
and pounds' capacity. The combined capacity of submerged and sluice
is about forty-two hundred cubic feet per second. The head at this
plant varies from sixty to seventy feet and is normally about sixty-
four feet.
The dam diverts water through a concrete and brick-
lined horseshoe shaped tunnel equivalent to approximately thirteen TUNEL
feet in diameter, fourteen hundred forty-five feet long in rock and
one hundred fifty-five feet in earth and has a sectional area of
one hundred thirty-four square feet with a normal capacity of fifteen
hundred cubic feet per second. The tunnel intake is controlled by
means of a steel gate fourteen feet two inches by fourteen feet eight
inches, operated by a motor-driven hoist with bevel gears, on two
five-inch steel lifting screws. .The tunnel discharges into a forebay
6.
twelve thousand feet in area and thirty-three feet deep, having
an earth embankment.
The powerhouse is located on the west bank of
the river below the forebay and is two stories high, built of POWERHOUSE
brick around a steel frame on a concrete substructure. The floors
are of reinforced concrete and the inside dimensions of the build-
ing are 31' x 97' x 53' high.
The water from the forebay flows through three
steel penstocks ten feet in diameter and one hundred fifty-nine
PENSTOCKS
feet long, to the waterwheel casings just outside the powerhouse.
Each penstock is controlled by two double stem timber headgates,
one operated by a hoist of fifty thousand pounds' capacity, the
other by one of ten thousand pounds' capacity.
Three 3200 H. P., Wellman-Seaver-Morgan horizontal
forty-four-inch, double runner, 257 r. p. m., central discharge tur-
ELECTRICAL
bines are installed at this station. Each unit is controlled by a EQUIPMENT
Lombard Special, horizontal, direct-connected generator of 17,000
poundso" capacity.
The complete electrical equipment was supplied by
the General Electric Company and consists of:
3 2000 K. V. A., 3-phase, 2300 V., 60 cycles, 257 r. p. m. hor-
izontal, water wheel-driven generators
2 3000 H. V. A., 3-phase, 66000 to 2300 V., 60 cycles, star delta,
connected transformers.
2 100 K. W., 125 V., induction motor-driven exciters
1 Switchboard and equipment.
The switchboard is located on the generator-room
floor and consists of ten vertical slate panels with auxiliary
slate panels in the room for the testing switches and the re-
cording meters. All oil switches are electrically operated from
the switchboard by means of a fifty-five-cell, fifteen ampere
Exide battery.
The 2300-Volt oil switches are located in one
end of the generator floor in a brick cell structure with dupli-
cate dopper busses and selector disconnecting switches mounted
overhead and protected by asbestos barriers. All the 2300-Volt
wiring from the nachine and the control cable from the switch-
board is run in conduit embedded in the concrete floor. The bus
sectionalizing oil switches, the high tension transformer oil
switches, busses and transformers are located on the second floor.
There were originally six additional high tension oil switches on
this floor all remote control type; but these liave since been
located outdoors, in individual steel asbestos houses, four of
which are on the east side of the river, across from the station.
on.the Vernon Shelburne lines and the two lines connecting the
Shelburne Falls plants. A steel cable, suspension foot bridge
carrying the oil switch control wire crosses the river from the
station to the point. The remaining two high tension oil switches
on the Shelburne Falls Station No. 5 are located on the bank next
to the forebay on the station side. There are, in all, 9K-10,
66000-Volt oil switches installed, which provide control and in-
terconnection for the six high tension transmission lines leaving
the station. Necessary disconnecting switches are located on the
8roof so that the station can be disconnected from the system
and the lines out through independently.
Two sets of 66,000-V., aluminum cell, 3 tank lightning
arrestors with horn gaps are installed on the roof, one set of arrestors
being provided for each section of bus. The auxiliary equipment in
this station includes a complete oil treating and storage equipment, a
fifty-ton cyclone high speed hoist with forty-seven-foot lift for
lowering the transformers from the second floor and a fifteen-ton North-
ern Engineering hand operated crane.
Three one-to-one, 50 K. W., 2300 V., transformers are
installed on the bank of the river on the station side for supplying



































TOTAL ANNTUAL COST $52,070.00















Engineering and Contingencies 15%
GRAND TOTAL
ANNUAL CHARGES



































































Concrete 1,040.2 on. yds. @48.00
Steel Pipe 154,200 lbs. i*0.05


















6,000 K. W. @$18.50
9,600 H. P. 5.00
Total



































































17,750 cu. yds. 0$175














13,000 cu. yds. #40.75
154,200 pounds 4$0.05





3,450 cu. yds. @10.00 $34,500.00
219 to 3.00 657,00
Superstructure 159,000 feet 6$,0.15
H1ydraulic Equipment 9600 H. P. 45.00
Electrical Equipment 6000 K. W. @$18.50
Total























A area of first section in square feet
A2 = area of second section in square feet
L distance between right section
The sections were taken at the critical points of the spill-













116.6 +142,7 x 6.2
2 27






QUANTITIES IN DAm (Con.)
Volume
143,8+ 174 276 x 8.
2 27




1+ 12.2 wedge 66.3 x 8.5
27 2
















































102. 0 + 147. 3 i_9 0
2 27
147.3 4- 460 x 126
2 27
46,0 103,0 x 9.6
2 27
































QUANTITIES IN DAM (Congj
66.9+ 145.8 x 17.5
2 27
45.8 + 132.6 x 13.4
2 27
132.6 +140.7 x 8.4
2 27
1407 4-168.8 x .3.5
2 27







































SUBMERG.D AND SURFACE SLUICE AND CONDUIT INTAKE
Explanation of method of procedure
The volume had to be figured in pieces, these pieces when put together
making the total volume.
Illustration The summation of areas of the various
sectors equals the area of the surface.
Computation Volume
4.10 x 64 x 3
2.36 x 64 x 4
2.88 x 64 x 16
0.37 x 400 x 10
0.55 x 64 x 36
0.30 x 64 x 20
0.10 x 64 x 20
0.48 x 64 x 2
0.48 x 64 x 11
0.32 x 64 x 2
0.32 x 64 x 2
0.22 x 64 x 6
0.25 x 64 x 20
0.38 x 64 x 1.5
10.34 x 64 x 3
10.5 x 7 x 4.25
1.33 x 17 x 64
0.50 x 64 x 32
1.75 3 x 5 x 9.5
2
1.75 x-9.5 O5O x 64 x 5
2
12,5 x 2 x 8.5 14.75
2
6 x 1 x 17.0
3
Wall
3.90 x 64 x 25





























28.50 x 64 x 2
14.00 x 64 x 2
Retaining Wall--Left Bank
(3 + 17 x 8
3 + x 19 x 5
(3 )x 21.5 x 12.5
8,24x24 x 15.5-
1444- 66.5 x 39
2











TOTAL CONCRETE IN SUBAERGED AND SURFACE SLUICE AND CONDUIT INTAKE 11, 652 cu. ft.
19.
ROCK EXCAVATION - SPILLWAY
Station
77 7 r 2
Volume
The rock excavation for the spillway
was figawed by the average end area method.
The allowance for excavation being as shown.
36#24 38.9 x 14.3
2 27










































32. 2 33.8 x 7.3
2 27










36.2+ 37.7 x _111
2 27




















35.2 +39.8 x 9
2 27
39.8 +29.6 x 12.6
2 27










35.0+Q 37.2 x 10.1
2 27 - 13.5

















































40.4+ 42.2 x 8.4
2 27
































SUBMERGED SURFACE SLUICE MTD CONDUIT INTAE--ROCK EXCAVATION
Explanation
The rook excavation figured was taken as the area covered by the works
multiplied by thickness of two feet.
Computation
Rock excavation for intake to conduit
3650 +1790 202 cubic yards
27
202 cu. yds.






















































Before Intake to Conduit
Explanation
The volume was figured by prism and triangular pyramid and by
the end area method.
By rectangular prism using formula:
V cu. yds. A (h 1 + h2-h 3 +hl
4 x 27
where A Area of right section in Sguere feet
h ,h2,h3,h , equal the corner heights of prism in feet
By triangular pyramid
V cu. yds. A x L
27 3
where A: Area of base in squaye feet
and L = Perpendicular distanceto apex of pyramid in feet
Average end area method has already been explained in Dams.
25.
SUBMERGED SURFACE SLUICE AND CODUIT INTAKE--ROCK EXCAVATION
(Continued)
Comoutation Volume
16 x 57 x 1
8 3 27
2Q+ 36
2 2 x 45
2 27
62 x7
20 x 6 x 19 x 1
4 27
16.5 x 13 x 5.5 x 1
27
20 x 8 12 x 18 :4:4 x 13.1
27 4
2 27










18 x 62 x 6




10200 cu. ft. =
TOTAL





For the main section, by obtaining the area of the right section of
the conduit and multiplying by the length of like section.





2 x 24 x 2.5 x 2
27
24 x 7 x 2.5 x 2
27
24 x 7 x 2 x 2
27












The rock extends over a length of one hundred feet in the conduit,
and its average area in this length equals 0.20 x 400.







The cut was obtained by finding the area of cut in a right section
and multiplying by the length over which it is effecti!c.
Comoutations Volume
0.75 x 400 x
0.98 x 400 x













The fill was obtained in a similar manner.
Comoutations
0.24 x 400 x 100
27












The Volumes were obtained by the average end area method,
by prisms and by solids of revolution.
By solids of revolution:-
V cu. yds.: 2 x 3.14 x rM x A x__
27 360
where ro equals the radius in feet from
the center of revolution to the center of gravity of the fig-
ure.
A equals the area of the right section
in sauare feet and
Q equals the angle in degrees swung
through by the right section.
Comoutations
.46 x 69 x 7.41
0.41 x 2 x 3.14 x 210 x 19.5 x 7.41
360
0.38 x 7.41 x 15 x 2 x 3.14 x 95
360
























0.72 x 7.41 x 100
0.82 x 7.41 x 100
0.93 x 7.41 x 100
1.18 x 42 x 7.41
Total
By prisms and solids of revoluticm
256 x 8
27












16 x 165 x 21
27
0,80 x 1600 x 4.6
27






















2,50 x 1600 x 10.75
27
22 x 43 x 2 x 3.14
27 2
x 55 x 1/4
1,590 cu. yds.
1,510
1.50 x 1600 x 9
27 x 2
0.53 x 1600 x 26
27 x 4
0.82 x 1600 x 35
27 x 4
1.87 x 1600 x 42
27 x 4
1.75 x 1600 x 44
27 x 4
2.66 x 1600 x 23
27 x 2


















(1.06+ 1.44) x 7.41 x 69 1,296 cu. yds.
(1.444-1.71). x 2 x 3.14 x 350 xl9.55 x 7.41 2,200
360






(1.71+ 1.80) x 7.41 x 64
(1.80 +2.02) x 7.41 x 100
(2.02 4-225) x 7.41 x 100







By prisms and solids of revolution
Comoutatione Volume
8 x 256 x 20
27
5 x 256 x 19
27
6 x 256 x 21
27
3 x 256 x 22
27
5.83 x 1600 x 10
27

























306 x 2 x 3.14 x 55









By average end area method and by prisms
By average end area method
Comurntation
(1.14+ 2.19) x 69 x 7. 41
(2.19 +1.69) x 95 x 7.41
(1.69 + 1.60) x 7.41 x 100
(1.60+ 1.89) x 7.41 x 100
(1.89+ 1.70) x 7.41 x 100
(1.70 + 1.63) x 7.41 x 100
(1.63+-1.43) x 7.41 x 100
(1.43+ 1.36) x 7.41 x 30






























-1.54 x 1600 x 7
27
1.76 x 1600 x 2
27
3.05 x 1600 X5
27
3.36 x 1600 x 6.75
27 x 2











Total area multiplied by a thickness of one foot.
33,160 c /u. ft.
2




Head Works to Penstock
Explanation
The yolume was figured by pieces
Comoutati at 5s
0.30 x 64 x 54
27
0.50 x 64 x 15.5 x 3
27
1.07 x 64 x 27
27
1.07 x 64 x 1
2 x 0.70 x 64 x 1









2 18+ 4.5 4 x 10.5x 1.875 . 3 x .75
2 2 2 3
6 z27








Same as head works to penstock
Comntations
1.25 x 61 x 64
27
.igQ5 x 3.0 x 2 x 3.14 x 11.25
2 27
2 x 3.14 x 11.25 x 1.5 x 65.5
2 27












GRANID TOTAL 1,040.2 cu. yds..
STEEL
Outside diameter equals 10 ft. plus 5
8 x 12
Inside diameter equals 10.0000 ft.
equals 10.0417 ft.
2 2
Cubic feet per linear foot equals 3.14 x (10.0417-10.00 ): 0.656 Cu. ft.
4







By average end area method, by triangular pyramids and prisms.
Comoutations
625+ 1190 X 19
2 27












625- 696 z 24
2 27














QUANTITIES IN PE NSTOCK
(Continued)
Fill above original ground level
Explanation







r -r 1 y 5+13.5 x 52 x 5+12.5 x 52 x 5
6 x 10 x 55
27
2 x 6 x 6,x 52
2 3 x 27
x ,2
2 27
2 x 3 x 4.5 x 12
2.x 3
(223.5+ 45 25,2 27
Deduct volume of pipes







171 3,890 cu. yds.
- 1,416
also a section in which penstock lies wholly in cut
(70 x 3.5+2.6 x 3.5 x 2)9.5
2 2. x 3 27
(70 x .335+2.6 x 3.5 x 2)15.5
2 2 x 3 27
Net fill above ground










Below springing line of arch
Explanation
Volume figured by pieces
omoutations Volume
210.2 {37x 18.5-8) 13,120 cu. ft.
115.3 (3 x 18.5 + 8) 7,210
26 (107) 2,780
1098 X 8 8,780
12.8 x 18 x 2 460
21 x 4 x 6.5 545
15 x 6 x 15 x 4
4 x 2 x4
188 x 9.5








20.5 x 2 x 9
3 x 17 x 23

























(a i+ 9.17) 17 x 23.0
2
8 x 2.5 x 35
,.5 x 2 x 18.5 - 2
%5+ J7) 18.5
12
37.2 x 17.5 x 2.5
4 17 x 37.2
(6.5 x 3 - 6.38)17
11 x 2.5 x 17.5
92 x 5




























Same as below springing line
Computations
2.60 x 64 x 13
1.19 x 64 x 8
6.75 x 9.5 x 8
2.0 x 14.0 x 18.5
(9 x 20.5 ~7 x 4.5) 2.25
(4'x 9.5 4 32
1.19 x 64 x 12
6.75 x 9.5 x 2
4.5 x 9.5 x 9
1.77 x 64 x 12,
1.56 x 64 x 24.3
1.19 x 64 x 12
1.77 x 64 x 12
1.56 x 64 x 24.3
2 x 4.0 x 9.5 x 48.3
1.19 x 64 x 20
6.5 x 9.5 x 48.3
3 x 9.5 x 29
6.5 x 9.5 x 17.3



























2 x 2 x 99
2 x 2 x 33
2 x 2 x 20.5
2 x 2 x 19.3
2 x 2 x 74-5















10 x 5 x 2.5
pits @ (4.33 x 5.42)2.5
plus (5.42 x 6.33) 2.5
(2 x 5.42)3
tube openings










31 x 97 x 53









(13.5 x 57+ 28 z 31 +5_ x, 39)10Q
2 27
2 x 62 x 30 x 33
2 x 3 x 27
2 x(39 x 30 17.3 x 23.0) x 28
2 2
2 x 27

















AP P E N.D I X B
PLANT NO. 4
QUA TITIES IN DIM
All prismnoidal solids computed by averaging the areas of the
two bases and multiplying by the distance between them, ie.,
V cubic feet A'+ A2
2 L where
A, area of first section in square feet
A2 = area of second section in square feet
L =distance between right section
In all computations:-
o volume of concrete used in structure
Vr Volume of rock excavation
Ve volume of earth excavation
Area
2.18 x 640 1396
1.812 x 640 - 1158
1.948 x 640 =.1247
1.112 x 640 712
1.093 x 640 700
0.686 x 640 440
0.625 x 640 = 400
0.268 x 640 = 171.5
Vo lum
1396 + 1158 29.6
.2
1158 + 1247 1
2
1247 + 712 52.5
2
700 + 440 i 43.6
2






















0.279- x 640 - 178.6
0.317 x 640 = 203
171.5 + 178.5 x
178.6 + 203
2
34.5 6,040 cubic feet
1,336
Total concrote - 156,971 cubic feet
ROCK EXCAVATICIT







47.3 x 2 - 94.67
44.8 x 2 89.67
45.9 x 2 = 91.83
39.6 x 2 = 79.16
94.67 + 89.67 x 29.6
2
89.67 + 91.83 x 18.0
2
91.83 + 79.16 52.5
2
Total
= 2,730 cubid feet
= 1,632
: 4,440
1 - 10.10 35.6 x 2 = 71.16
1 + 61.70 33 x2 " 66
1 + 80.70 26.3 x 2 a 52.67
71.16 + 66
2 x.43.6
66 + 52.67 
-x 19.0
2
52.67 + 36.3 :* 20.9
2









QUANTITIES IN DAM-ROCK EXCAVATION
(Continued)
Area Volume
18.6 x 2 37.18
19.67 x 2 = 39.33




- 1,622 cubic feet
268
Total rock excavation 15,746 cubic feet
EARTH EXCAVATION
Station
0.852 x 640 f- 545
0.422 x 640 270
0.624 x 640 = 400
0.074 x 640 = 47.4
0.1005 x 640 = 64.4
0.340 x 640 218
0.256 x 640 163.6
545 + 260 29.6
2
270 + 400 X 18
2
1400 + 47. X 52. 5
2.
64.4 + 218 x 43.6
2


































,0.147 x 640 94.1
0.192 x 640 w 122.8
43,658 cubic feet
DAM-EATH EIBAE T-IT
The volume of a truncated rectangular prism = A x h+ h- + hs + h4.
4
where A area of cross section
hi h2, h3, h4 are corner heights
































































































































































1 x 22 - 22
2 x 34 - 68
1 x 46 - 46
2 x 15 = 30
4 x 29 = 116
2 x 42 84
2 x 10 20
4 x 24 = 96
2 x 37. 74
4 x 10 40
2 x 25 50
2 x 13 =26
672







































































































0.596 x 640 x
0.870 640 x
0.986 x 640 x
0,960 x 400 x
1198 x 400 x
1,680 x 2
Total rock


































0.409 x 640 x
0.014 x 640 x
0.05 x 640 x
0.113 x 640 x
0.208 x 640 x
19.5x 14 x
0.96 x 400 x
1.98 x 400 x
0.008 x 4000 x
0.015 x 4000 x
0.021 x 4000 x
0.022 x 4000 x
0.029 x 4000 x











































Volume figured by end area method.
CONCRETE
0.690 x 3 x 5.75 x 640 7,610 cubic feet
0.344 x 3 x 10.5 x 640 -6,940
Total Concrete 14,550 cubic feet
EARTH
0.220 x 640 x 23 3,250 cubic feet
0.438 x 640 x 28 7,850
Total earth 11,100 cubic feet
ROCK



























































































































8 x 60 = 480
1.5 x 65 = 100






















































225 x 400 %=40 = 22,500 cubic feet4
7 x 20 x 12= 1,680
5 x90 = 450
15 x 10 x 200 =3,000
11 x 100 = 1,100
7 x 12 x 5 = 200





























































































72 x 20 x 6.5 - 2,340 cubic feet
x 20 x 5 1,575
45
x 20 x 5 = 1,125
34
x 4 x 20 680
22
x 20 x4= 440
23
-g x 11 x 20 = 1,270





















4 x 6 x 6-
2.5 x 12 x 305S
2 x 3 x 7=
2 x 5 x 7.5 =
7 x 5 x 2.5 x 3
1.5 x 10 x 8
1.5 x 20'.x 6
1 x 20 x 6
5.7 x 11 x 21
4.3 x 14 x 29





























































1x 3 = 3
1 x 13 = 13




165 4 = 16,500 cubic feet
30 x 200: 1,500
= 800
18,800 cubic feet
















































2 x 13 = 26
4x 8 =2
4,x 4 16
4 x 2= 8
1 x 1- 1
2 x 14 = 28
4 x 8 = 32
3 x 6 18
1 x 3. 3
1 X 16 = 16
2 x 11 = 22
1 X 8 8
210
Volume a 210





















































































4 x 13 =52
4 x 11 w44
2 x .4 8
2 x 20 =40

























































1 x 6 = 6
749
Volume 749



































































































x 4 = 2,280
x 4 = 1,440
x.10 = 1,220
x 6 2,040








x 40 = 6,300
x 20 - 2,040
x 6 = 1,080
x 3= 360





x 5 - 2,420















12.5 x 5 = 60 cubic .feet
2 (:28.75 x 4 x 32 - 0.102 x 64 x 30) 7,980
Roof
2 x 0.157 x 10 x 64 x 12
Wing Walls
0.718 x 10 x,64 x 4.75
0.059 x 10 x 64 x.28.5 -
0.024 x 10 x 64 x 14.3 -











463 + 380 x 10
463 -+ 580
2 x 10.25'





196 + 280 x 2 u
2




















4220 2 10 -
403 + 248
5350 - 2 x 10.25 -











8.3 x 2 =
5.5 x 2 =













Volumes figured by and area method.
Section through Rock
Length of rock excavation 1,328 feet
R 2 x 10,370 cubic yards
V0 -94.4 x 13281 4,670 cubic yar ds
27
Section through Earth and Rock
Length - 59.3 feet
VE. 96.3 x 59.3 211.5 cubic yards27
R 27 - 409 cubic yards
277
VBrick - 33.6 54.3 73.7 cubic yards2.7
70 2 x 0.361 x 10 x 64 x 59.3 113 cubic yards
9 x 27
Timber= 0.382 x 2 x 10 x 64 x 59.3 x 12 = 38,760 board feet
9
Section through Earth
Length " 139 feet
4.075 x 6_4 x 1399 27. 1,490 cubic yards
70"1-637 x 10 x 64 x 139S 1=63 549 cubic yards
































All bars are square.
COMPUTATION
7 - x 35'
4 - x 32'
5 - x 30
11 - $" x 28'
5- " x 26'
25- x15












6 - i" x 23
6-- x 22"
6!- x 21"
6 - x 20"
6 - i x 19'
,7 = k~x 18'
11 -" x 17'
For two walls, vol. - 2 x 3.674 m
2 - j" x 30'
2 - " x 28'
2 -" x 26'
2 -7- x 24'
2 - " x 221
4-" x20,
7 - x 18'
9 - " x 30'
9 - " x 28'
6 - "x 26'
6 - x 24!
6 - x 221
17 - " x 20'
26 - " x 18'
Total


































305 x 2 x 16
36 x 16 x 6
16 x 105 x 13 =
75 x 8.5 x 16
50 x 16.5 x 16
0.45 x 10000 x 2









11 x 11+ 40 x 10
2 115 29,900
17.5 x 17.5 x 138 42,300
40 x 9 x 100 x 6.28 x 72'
360 45,200
50 x 11 x 115 x 6.28 x 50 - 55,100
360
Cut.
c f.*20 x 2.5 x 14.3
40 x 45




0.72 x 10000 x 15




x 10000 x 9
x 10000 x 11.5 =


























Volumes figured: by pieces.
Below springing line
COMPUTATION
193.9 x 45 8,620 cubic feet
5.625 -x 8.25 x 50.7 1,180
2
6.71 x 3.25 x 23.7 = 258
2
5.125 z 15.6 x 7.75 = 620
2
236.4 x 18.5 = 4*80
108.7 x 18.5 2,000
119.0 X 51 .-6,060
101.4 x 8 = 8,110
8.1 x 19 x 53 7,140
183 x 5- 92
30.6 x 14 = 430
4.5 x 5.21 x 14 - 328
157.3 x 13 2,045
91.3 x 12 1,095
2.5 x 8.7 5 x 13 260
2.5 x 18.5 x 32 1,480
4 x 9.5 x 20 760
2.5 x 1 x 10 25
6 x 10.5 x 20 - 1,260
2.5 x 8 x 16.75 335
568.1 x 5 2,840
174 x 11 1,925
85.9 x 6- 515
7.33 x 22 x 13.5 2,180
161.3 + 199 x 11.5 2,075
2
13.6 x 19 - 258
2 x12.5 x 19- 475
27 x 29.5 = 797
31.7 x 51,= 1,620
3 x 1.5 x 24.5- 110
4.5 x 1.5 x 27.5 186
4.5 x 1.5 x 20= 135
7.2 x 1.5 x 12 = 130
30.0 x 1.5 x 19.0 8553
13 x 1.5 x 2 39





2 x 9 4.5 x 9 + 8 x 2+ 4 x 6)202
4.5 x9.5 x23
1 x 4.5 x 9
5.6 x 8.5x9
3 x 9.5 x 20 -
13 x 2 x 5.5
86 x 14.5
2.5 x 20 x 14.5
4.5 x 9.5 x 32
3 x 9.5 29
6 x 9.5 x 17.3
3 x 1.21 x 64x 12=
1.78x 64 x 12
1.52 x,64 x 24.3=
2 x 4 x-48.3 x 9.5
6.5 x 9.5 x 48.3 -
4.0 x 9.5 x 70
2 x 2 x 999
2 x 2 x.33
2 x 2 x 21
2 x 1 5.3
2 x 2.x 74


























Total 93,100 cubic feet
Rip Rap 40 x 2 x 20 - 1,600
20 x 1 x 20 = 400
4 0 x 64 x 31- 795
63 x 64 x49.5= 24000






DETAILED DESCRIPTION OF METHOD USED IN OBTAINING
KILOWATT HOUR OUTPUT AT PLANTS NO. 3 AND NO. 4
Data:
Drainage area at Charlemont
" " Plant No. 4
II t Plant No. 3







Plant No. 4 41 sq. miles
Plant No. 3 139 " "
From the papers of the United States Geological Survey, the
monthly flow at Charlemont and the monthly discharge without storage per square
mile were secured. The discharge without storage per square mile above Charle-
mont was assumed the same as that below Oharlemont.
Let-11a!! equal the discharge without storage per square mile
"b" equal additional uncontrolled flow between Charle-
mont and Plant No. 4 equals:s a x 41
"c" equal the mean observedflow at Charlemont
"'d" equal the lflow of Plant No. 4 equals "b" plus "c".
A flow duration table was tabulated by the total period basis
and the flow duration curve was constructed from this table. A flow duration
curve for a wet year and a dry year were also drawn.
The data for the capacity factor was secured from two sources:
1. The Annual Report of the Department of
Public Utilities of the Commonwealth
of Massachusetts for the year ending
November 30, 1920:- Vol. 2-p 462, 469.
2,. From a blueprint the photostat of which
is in Appendix F
6 9.
The capacity factor is the ratio of the average load to the
total installed rated capacity of the equipment.
From the results obtained, a capacity factor of thirty-eight
per cent was used.
The utilization factor is the ratio of the actual output in
kilowatt hours per year to the output in kilowatt hours per year if the machinery
were working at rated capacity during that year.
The flow required to operate the plant under rated capacity was
found. Since the capacity factor was thirty-vight per cent, the actual flow util-
ized was thirty-eight per cent of the above flow.
The flow that could be utilized if the plant was run at rated
capacity was computed by taking the area under the flow duration curve exclud-
ing that portion which was above our rated capacity.
The utilization factor was comouted from the ratio as given by
the definition. This utilization factor was computed for the mean year and, a-
plied to the wet and dry year.
The theoretical output in kilowatt hours per year was secured
by obtaining the area under the flow duration romrVe, again excluding that area
above the rated capacity, computing the horse power and converting it into kilo-
watt hours per year.
The actual output was found by multiplying the theoretical out-
out by the utilization factor. This method was applied to the wet and dry years.
Similarly, the actual output for mean, wet and dry years was
obtained for Plant No. 3.
1~
HYDROLOGY































































































































































































FLO1 AT PLANT #4
YFEAR MONTH b c d
Oct. 0.823. 34 436 470
Nov. 2.09 86 747 833
Dec. 1.77 72 691 763
Jan. 1.33 54 572 626
Feb. 1.12 46 590 63G
1916-17 Mar. 3.62 148 1,250 1,398
Apr. 7.24 297 2,410 2,707
May 4.36 179 1,410 1,589
June 2.75 112 891 1,003
July 0.746 31 296 327
Aug. 0.765 31 299 330
Sept. 0.387 16 309 325
Oct. 2.11 87 727 814
Nov. 1.05 43 443 486
Dec. 0.671 28 433 461
Jan. 0.599 25 384 409
Feb. 2.17 89 808 897
1917-18 Mar. 4.36 179 1,480 1,659
Apr. 7.57 310 2,500 2,810
May 2.85 117 885 1,002
June 1.31 54 407 461
July 0. 312 13 225 238
Aug. 0.290 12 305 317
Sept. 1.18 48 426 474
Oct. 1.60 66 527 593
Nov. 1.77 73 599 672
Dec. 2.82 116 969 1,085
Jan. 1.68 69 583 G52
Feb. 0.50 21 268 289
Mar. 5.99 246 1,990 2,236
1918-19 Apr. 4.70 193 1,590 1,783
May 5.97 245 2,030 2,275
June 0.702 29 344 373
July o.412 17 274 291
Aug. o.555 23 269 292
Sept. 2.33 96 819 915
72.
HYDROLOGY
FLOW AT PLANT #4.
YEAR MONTH a b c d
Oct. 2.10 86 699 7851
Nov. 4.25 174 .1,450 1,624
Dec. 2.37 97 877 974
Jan. 0.384 16 440 456
Feb. o.359 15 415 436
Mar. 6.30 258 2,190 2,448
1919-20
Apr.' 9.50 390 3,160 3,550
May 3.15 139 1,010 1,139
June 2.62 107y 875 982
July 1.11 46 418 464
Aug. 0.903 37 389 426


















































































1458 1780 3089Av. -- 202 312 397
74.
HTDR0L0GY
FLOW AT PLANT #4


















Total installed rate capacity of equipment
From Public Utility Report
C.F. 142,033,570 39.5%
55,100 x O=746 x 24 x 365
From infornation secured from the New England Power Company
0.F . 142,000,000 37.60
43,000 x 24 x VT5





Capacity of plant .6,000 
- 8,040 H.P.
0.746
An overall efficiency of 75% was -assumed for the plant
.8,040 X 550 - 1,470 Sec. Ft.















1,470 x 0.38 = 560 Sec. Ft.




t. Months =Water actually used
HYDROLO GY
OUTPUT OF PLANT #4



























Min. Q =6910 3ec. Ft. Months
Theoretical Oitput-
Mean --- 9,773 x 62.5 X 64 x 0.75 -
550 0.746 X 24 30.4 =9,100,000
PNax. :-10,466
x 29,100,000





Mean 29,100,000 x 0.688
Max. :- 31,150,000 x 0.688










FLOW AT PLANT #3.
YEAR MONTH b c d.
Oct. 228 540 768
Nov. 504 1,170 1,674
Dec. 252 616 868
Jan. 149 363 512
Feb. 120 298 118
1913-14 Mar. 549 1,360 1,909
Apr. 1,696 4,120 5,816
May 534 1,230 1,764
June 70 279 349
July 96 477 573
Aug. 94 587 681
Sept. 25 190 215
Oct. 39 91 130
Nov. 81 177 258
Dec. 61 133 194
Jan- 328 761 1,089
Feb. 584 1,400 1,984
1914-15 Mar. 208 515 723
Apr. 670 1,570 2,240
May 174 396 670
June 48 224 272
July 654 1,610 2,264
Aug. 486 1,190 1,676
Sept. 178 541 719
Oct. 189 680 789
Nov. 267 715 982
Dec. 434 1,180 1,614
Jan, 530 1,290 1,820
Feb. 454 1,130 1,584
1915-16 Mar. 290 728 1,018
Apr. 1,180 2,860 4,040
May , 590 1,370 1,960
June 268 890 1,158
July 212 569 781
Aug. 71 427 498
Sept. 120 439 559
79.
HYDROLOGY





































































































































































































































































































































































Capacity of plant =-6 8,040 H.P.
An overall efficiency of 75 % was assumed for the plant
Q 8 040 x 550
















1425 x 0.38 - 1542 Sec. Ft. Months




OUTPUT OF PLANT #3


























Min. Q -9655 Sec. Ft. Months
Theoretical Output
Mean :- 10 816 x 62.5 x 66 x 0.75 x 0.746 x 24 x 30.4
550.
Max. -- 11,670







Mean i- b3,250,000 x 0.601 20,000,000 K.W.F.
Max. :- 65,800,000 x 0.601 = 21,550,000 K.v.H.


























































APPBE ND IX F
PHOTOSTATS OF BLUEPRINTS
of
PLANTS NO. 3 & 4
7. '1
* ~ ... .,
__ __ __ _ __ _ 
-_ 1




Total 390,000,000 K WH





ant No. Cap.KW Plant Q Hea4 Cap.KW
2 56 6*000 W D 40 4,000
3 6 6,000 1 40 4.000
4 44 6.ooo Zogr i50 gopoo
5 240 17,000 6 to ,500
'7 't 3000 via Sr 360 40000Sers 230 3.000 10 too -3,o
Som. -- 00 Isoo
Total 730 4 T- 10 9 6,000




































































6 0'M~V\ ~ .9
*~~~;/.~%iABgwPBdbj
"-"' w.i'.##f ed v-eN. ,~, 'IF
~
dEP~ / -















































































X 7CSr /V, J,
PLAN. PROFILE & SECTION5
. r n AA* A
ROPOSED D) A










































AEC:TION m-m ~uC~TION 5-2k









































































































































































































































.. .. .. ....,. ....
&





AtSrdgl L M #.~s Stdept ~ ~
.aj~re~d
* FOU~A~tG4 Pt~144~
































L - - -DSECTION F-F
4' A
SECON6
I ~ !CIONI SECT ETION .DLD







4-- a . - *
pA* dECTI NS
44












- -- -- all&






* RANDON *STO C KRIDGE WENTWORTH 
-A P O O NS
BARNARD SAO
*BENSON PITTSFORD PYO J9SIE
F LORENC P
WHITE RIVER
wVODsTOCIj ~JOT ACWO*SENS RUTLAND 
OWHITEHALL 4/GRAFTON
AMSDENALE0




ANOER\R GFi NEWBJR Y BARNGj ERWICK
CH TER ARLESRRN NGTOR
sALOM ~BELLOWS FALLS 
PRSOT0 MANCH:T7 'OTMOT




*!*- SEARSSU RATTLEBOR JAFE Il
IOSO~ RNON FITHE ILLA
BRDEGREENV1J-LE AS UAI RPR
z " I*SHE BU NE ILLERS
TO ADIRON4AC~A GR ENF L NER
POWER & LI 3HT CO. FALL ST NO
PITT4FlELD.*OATI M EVERATLOE4T
I:.ENOXO 
AMET wrSV4i1-ETW TAM S O.I LEE AN TP TON NR O MRBR
GREAT BARRINGTON HOL KE WtLLIMANS T OKI
HIOELFISHERVILLE BRAINTREE
(IWESTFIELD *PR FIELD ON SOITHARLOIGE F N
AAA EAST LON DOW ESE
L9GEND LOCK~S STAFFORD SPRING CA TLBR
*HYDRO-ELECTRIC PLANTSPUTANO
Cl STA NU N N. PNA * M I. TAUNTO
0 STEAM-ELECTRIC PLANTS DANIELSO RNTWAEM




NEW ENGLAND POWER SYSTEM





. . - .0-.-.-...


















,- ~ - ".
~ ~ 4. -




. - -~ ~ ..
, Ir , ~
- -- ~ ~ ji
~ ~ - ' ~ - - ~ -
I N
1%-S
SAa 2404, 24370 st *+
£C ~ 770/VS OF DAM OFPL
Ar
'5HL b UN! fLL
.SCALE / ow 5'
BY
-l~ ~II ~l







































:F , - 0 - 1 47 , "!, 17 I I '",
am ow aft ow-Ift,
1724
146. %.
RG
C-I--
OF DAM of-P
A
5HELB/R -E ALLS

